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7KH DLP RI WKLV UHVHDUFK ZDV WR REVHUYH WKH HIIHFWV RI F\FORSKRVSKDPLGH
DQG LWV XURSURWHFWLYH DJHQWV PHVQD DQG K\SHUEDULF R[\JHQ +%2 RQ WKH PRWLOLW\
RI XULQDU\ EODGGHU PXVFOH LQ JXLQHD SLJV ,Q WKH H[SHULPHQWDO JURXSV PHVQD DQG
F\FORSKRVSKDPLGH ZHUH LQWUDSHULWRQHDOO\ LQMHFWHG DW D GRVH RI  PJNJ DQG
 PJNJ UHVSHFWLYHO\ )RU WKH FRPELQDWLRQ RI PHVQD DQG F\FORSKRVSKDPLGH
RQH GRVH RI PHVQD ZDV LQMHFWHG  PLQ EHIRUH F\FORSKRVSKDPLGH DGPLQLVWUDWLRQ
DQG WKUHH DGGLWLRQDO LQMHFWLRQV RI PHVQD ZHUH UHSHDWHG HYHU\ WKUHH KRXUV $ WRWDO
RI  +%2 H[SRVXUHV ZHUH SHUIRUPHG DW  $7$ IRU  PLQ WZLFH GDLO\ IRU DQ
RWKHU H[SHULPHQWDO JURXS ,Q WKH +%2 DQG F\FORSKRVSKDPLGH FRPELQHG JURXS 
+%2 H[SRVXUHV ZHUH JLYHQ SURSK\ODFWLFDOO\ EHIRUH F\FORSKRVSKDPLGH 7KH FRP
ELQDWLRQ RI PHVQD +%2 DQG F\FORSKRVSKDPLGH ZDV DGPLQLVWHUHG E\ WKH VDPH
SURFHGXUH 7KH FRQWUDFWLRQV REWDLQHG LQ UHVSRQVH WR DFHW\OFKROLQH $&K 
±
0
LQ WKH FRQWURO JURXS ZHUH UHGXFHG XVLQJ F\FORSKRVSKDPLGH DQG +%2 LQGLYLGXDOO\
EXW QRW E\ PHVQD +RZHYHU WKH FRQWUDFWLRQV EHORQJLQJ WR WKH YDULRXV FRPELQD
WLRQV RI WKHVH WKUHH DJHQWV ZHUH QRW GLIIHUHQW IURP WKRVH VHHQ LQ WKH FRQWURO JURXS
2Q WKH RWKHU KDQG WKH FRPELQDWLRQV RI F\FORSKRVSKDPLGH PHVQD DQG +%2 VKRZHG
KLJKHU UHVSRQVHV WR $&K WKDQ WKH JURXSV LQ ZKLFK F\FORSKRVSKDPLGH DQG +%2 ZHUH
XVHG LQGLYLGXDOO\ ZKLOH WKH UHVSRQVHV HOLFLWHG E\ WKH F\FORSKRVSKDPLGH DQG +%2
FRPELQDWLRQ ZHUH JUHDWHU WKDQ WKRVH VHHQ LQ WKH JURXS WUHDWHG ZLWK +%2 RQO\
.H\ ZRUGV &\FORSKRVSKDPLGH PHVQD +%2 PRWLOLW\ XULQDU\ EODGGHU
JXLQHD SLJV
7KH XULQDU\ EODGGHU LV DQ HQG RUJDQ WKDW SOD\V DQ LPSRUWDQW UROH LQ WKH H[
FUHWLRQ RI PDQ\ WR[LF GUXJV VXFK DV F\FORSKRVSKDPLGH D FKHPRWKHUDSHXWLF
DJHQW H[WHQVLYHO\ XVHG LQ WKH WUHDWPHQW RI D ZLGH YDULHW\ RI FDQFHU FDVHV DQG DV
DQ LPPXQRVXSSUHVVLYH GUXJ JLYHQ EHIRUH WUDQVSODQWDWLRQ LQ KXPDQV )RUQL HW DO

(PDLO VDJPDQOL#YHWHULQDU\DQNDUDHGXWU )D[  
 6$ö0$1/,*ø/ HW DO
$FWD 9HWHULQDULD +XQJDULFD  
 %H\HU%RRQ HW DO  ,Q YHWHULQDU\ PHGLFLQH LW LV DOVR XVHG DJDLQVW
O\PSKRUHWLFXODU QHRSODVPV 0DF(ZHQ HW DO  6WDQWRQ DQG /HJHQGUH 
DQG IRU FKHPLFDO VKHDULQJ 6FKOLQN DQG 0DFIDUODQH 
&\FORSKRVSKDPLGH LV DGPLQLVWHUHG LQ DQ LQDFWLYH IRUP DQG LV R[LGL]HG WR
K\GUR[\F\FORSKRVSKDPLGH LQ WKH OLYHU 7KLV FRPSRXQG HTXLOLEUDWHV QRQHQ]\
PDWLFDOO\ ZLWK DOGRSKRVSKDPLGH ZKLFK LV WUDQVSRUWHG WR WKH WDUJHW FHOOV E\ WKH
FLUFXODWRU\ V\VWHP ,Q WKHVH FHOO SRSXODWLRQV DOGRSKRVSKDPLGH XQGHUJRHV D
QRQHQ]\PDWLF FOHDYDJH WR DFUROHLQ DQG SKRVSKRUDPLGH PXVWDUG 6WDQWRQ DQG
/HJHQGUH  $FUROHLQ LV EHOLHYHG WR EH UHVSRQVLEOH IRU VWHULOH KDHPRUUKDJLF
F\VWLWLV DQG EODGGHU ILEURVLV /DLQJ HW DO  3HWHUVRQ HW DO  7KH GH
YHORSPHQW RI D EODGGHU QHRSODVP LV DQRWKHU VLGH HIIHFW LQ SDWLHQWV ZKR KDYH SUH
YLRXVO\ EHHQ WUHDWHG ZLWK F\FORSKRVSKDPLGH IRU D QRQXURORJLF PDOLJQDQW SURF
HVV )DLUFKLOG HW DO 
+LVWRORJLFDOO\ RHGHPD DQG K\SHUDHPLD DUH VHHQ DIWHU DGPLQLVWUDWLRQ RI
RQH GRVH RI WKH GUXJ DQG WKHVH DUH IROORZHG E\ PXFRVDO K\SHUSODVLD DQG EL]DUUH
SDSLOODU\ SUROLIHUDWLRQ &RQWUDFWHG DQG RHGHPDWRXV VPRRWK PXVFOH ILEUHV DUH
IXUWKHU HIIHFWV RI WKH GUXJ 'H9ULHV DQG )UHLKD  3UHYLRXVO\ %RQLNRV DQG
.RVV  DOVR UHSRUWHG FKDQJHV LQ WKH SLQRF\WLF YHVLFOHV SDUWLDO RU WRWDO QH
FURVLV RI LQGLYLGXDO PXVFOH FHOOV DQG IRUPDWLRQ RI P\HOLQ ILJXUHV
0HVQD PHUFDSWRHWKDQH VRGLXP VXOSKRQDWH DQG +%2 K\SHUEDULF R[\
JHQ DUH ZHOO NQRZQ XURSURWHFWLYH DJHQWV RI F\FORSKRVSKDPLGH )UHHGPDQ HW DO
 +DGHU HW DO  0HVQD IRUPV D QRQWR[LF WKLRHWKHU ZLWK DFUROHLQ DQG
KDV DQ DGGLWLRQDO LQKLELWRU\ HIIHFW RQ WKH VSRQWDQHRXV UHOHDVH RI DFUROHLQ IURP
K\GUR[\ODWHG F\FORSKRVSKDPLGH LQ WKH XULQH %URFN HW DO  )UHHGPDQ HW
DO  +%2 WUHDWPHQW LQ F\FORSKRVSKDPLGHLQGXFHG KDHPRUUKDJLF F\VWLWLV
SURPRWHV WLVVXH KHDOLQJ E\ LQFUHDVLQJ WLVVXH R[\JHQ OHYHOV  WR IROG 7KXV
LQFUHDVHG R[\JHQ WHQVLRQ GHFUHDVHV RHGHPD DQG SURPRWHV FDSLOODU\ DQJLRJHQHVLV
+DGHU HW DO  ,Q JXLQHD SLJV LW KDV UHFHQWO\ EHHQ IRXQG WKDW XVLQJ WKH FRP
ELQDWLRQ RI PHVQD DQG +%2 WR SUHYHQW KLVWRORJLFDO GDPDJH FDXVHG E\ F\FORSKRV
SKDPLGH ZDV PRUH HIIHFWLYH WKDQ XVLQJ HLWKHU RI WKHP VLQJO\ (WOLN HW DO 
7KH SXUSRVH RI WKLV LQYHVWLJDWLRQ ZDV WR REVHUYH WKH SRVVLEOH GHWULPHQWDO
HIIHFWV RI F\FORSKRVSKDPLGH RQ XULQDU\ EODGGHU FRQWUDFWLRQ DQG DOVR WR GHWHU
PLQH ZKHWKHU WKHVH HIIHFWV FRXOG EH SUHYHQWHG E\ PHVQD DQG +%2 HLWKHU DORQH
RU LQ D FRPELQHG IRUP
0DWHULDOV DQG PHWKRGV
,Q WKLV VWXG\  DGXOW JXLQHD SLJV ZHLJKLQJ ± J ZHUH XVHG 7KH
DQLPDOV ZHUH JLYHQ IRRG DQG ZDWHU DG OLELWXP DQG GLYLGHG LQWR  JURXSV E\ WKH
VLPSOH UDQGRP VDPSOLQJ PHWKRG VKRZQ LQ 7DEOH 
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$FWD 9HWHULQDULD +XQJDULFD  
7DEOH 
&\FORSKRVSKDPLGH PHVQD DQG K\SHUEDULF R[\JHQ VFKHGXOH
'D\  'D\  'D\  'D\ 
$0 30 $0 30 $0 30 $0 30
 &RQWURO  ± ± ± ± 3,  3,,  î 3, ± ±
 0HVQD  ± ± ± ± 0  3,,  î 0 ± ±
 +%2  +%2 +%2 +%2 +%2 +%2
3,  3,,
+%2
 î 3,
+%2 +%2
 &\F  ± ± ± ± 3,  &\F  î 3, ± ±
 &\F0  ± ± ± ± 0  &\F  î 0 ± ±
 +%2&\F  +%2 +%2 +%2 +%2 +%2
3,  &\F
+%2
 î 3,
+%2 +%2
 +%2&\F0  +%2 +%2 +%2 +%2 +%2
0  &\F
+%2
 î 0
+%2 +%2
3,  3K\VLRORJLFDO VDOLQH DV SODFHER, LQVWHDG RI PHVQD 3,,  3K\VLRORJLFDO VDOLQH DV SODFHER,, LQ
VWHDG RI F\FORSKRVSKDPLGH +%2  +\SHUEDULF R[\JHQ WUHDWPHQW 0  0HVQD &\F  &\FORSKRV
SKDPLGH
&\FORSKRVSKDPLGH DGPLQLVWUDWLRQ
7KH DQLPDOV ZHUH JLYHQ D VROLWDU\ LQWUDSHULWRQHDO QRQOHWKDO DQG XURWR[LF
GRVH RI  PJNJ F\FORSKRVSKDPLGH 3KLOOLSV HW DO 
0HVQD DGPLQLVWUDWLRQV
0HVQD DW D GRVH RI  PJNJ ZDV DGPLQLVWHUHG LQWUDSHULWRQHDOO\  PLQ
EHIRUH F\FORSKRVSKDPLGH LQMHFWLRQ DQG UHSHDWHG HYHU\  K IRU D WRWDO RI  GRVHV
)UHHGPDQ HW DO 
+%2 H[SRVXUHV
$ VWHHO K\SHUEDULF R[\JHQ FKDPEHU ZDV LQLWLDOO\ IOXVKHG ZLWK  R[\
JHQ DQG WKH FKDPEHU SUHVVXUH ZDV LQFUHDVHG WR  $7$ LQ  PLQ DQG JUDGXDOO\
GHFRPSUHVVLQJ LQ  PLQ WR QRUPREDULF DLU DW WKH HQG RI WKH VHVVLRQV $ WHPSHUD
WXUH RI ± & DQG DQ DLU IORZ RI  OPLQ ZDV PDLQWDLQHG LQ WKH PHGLXP IRU D
SHULRG RI  PLQ *URXSV   DQG  ZHUH H[SRVHG WR +%2 WZLFH D GD\ ZLWK DQ
Q*URXS
 6$ö0$1/,*ø/ HW DO
$FWD 9HWHULQDULD +XQJDULFD  
LQWHUYDO RI  K IRU D WRWDO RI  VHVVLRQV 6LQFH LW ZDV UHSRUWHG WKDW WKH WLPLQJ RI
+%2 WUHDWPHQW ZDV FULWLFDO WR LWV SURWHFWLYH HIIHFWV DQG  SURSK\ODFWLF +%2 H[
SRVXUHV EHIRUH DFUROHLQ DGPLQLVWUDWLRQ SURYLGHG DQ HIIHFWLYH SURWHFWLRQ LQWUDSH
ULWRQHDO LS DGPLQLVWUDWLRQV ZHUH SHUIRUPHG DW WKH HQG RI WKH 
WK
+%2VHVVLRQ
DFFRUGLQJ WR 7DEOH  7KH H[SHULPHQWDO SURFHGXUH LQFOXGLQJ  DGGLWLRQDO +%2 H[
SRVXUHV ZDV WKHQ FRPSOHWHG DW WKH HQG RI 'D\  +DGHU HW DO 
2Q 'D\  WKH JXLQHD SLJV ZHUH VDFULILFHG XVLQJ D KLJK LS LQMHFWLRQ RI
 PJNJ SHQWREDUELWDO VRGLXP DQG FDUH ZDV WDNHQ WR DYRLG LQDGYHUWHQW EODGGHU
SXQFWXUH 7KH EODGGHUV ZHUH UHPRYHG DQG FXW LQWR VWULSV RI  FP OHQJWK 7KH
VWULSV ZHUH WLHG DW ERWK HQGV DQG SODFHG LQWR DQ RUJDQ EDWK RI  & FRQWDLQLQJ
 PO RI R[\JHQDWHG  2 DQG  &2 7\URGH¶V VROXWLRQ DQG  O GLVWLOOHG
ZDWHU $Q LQLWLDO WHQVLRQ RI  J ZDV SODFHG RQ HDFK WLVVXH  P9FP   J
 PPPLQ ZKLFK ZDV DOORZHG WR HTXLOLEUDWH IRU  PLQ
$FHW\OFKROLQH $&K ZDV XVHG DV WKH PXVFDULQLF FKROLQHUJLF VHFUHWDJRJXH
,Q RUGHU WR GHWHUPLQH WKH RSWLPXP GRVH RI $&K RQ WKH EODGGHU RI JXLQHD SLJV
YDULRXV FRQFHQWUDWLRQV RI $&K 
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0 ZHUH DSSOLHG WR WLVVXHV WDNHQ IURP WKH
FRQWURO JURXS DQG WKH QRQFXPXODWLYH FRQFHQWUDWLRQUHVSRQVH FXUYH RI $&K ZDV
REWDLQHG )LJ  7KH WLVVXHV WDNHQ IURP DOO H[SHULPHQWDO JURXSV ZHUH WKHQ H[
SRVHG WR WKH RSWLPXP GRVH RI $&K DQG WKH PHDQ YDOXHV RI FRQWUDFWLRQV RI HDFK
JURXS ZHUH QRUPDOLVHG DV WKH SHUFHQWDJH RI WKH YDOXH RI WKH FRQWURO JURXS 
)LJ  1RQFXPXODWLYH FRQFHQWUDWLRQUHVSRQVH FXUYH IRU DFHW\OFKROLQHLQGXFHG FRQWUDFWLRQV
LQ WKH JXLQHD SLJ EODGGHU Q   5HVXOWV DUH SORWWHG DV PHDQ  6(0
6WDWLVWLFV
$OO UHVXOWV DUH VKRZQ DV WKH PHDQ  6(0 6WDWLVWLFDO FRPSDULVRQV ZHUH DF
FRPSOLVKHG XVLQJ $129$ DQG 'XQFDQ¶V WHVW ZLWK  DV WKH OHYHO RI VLJQLILFDQFH
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$FWD 9HWHULQDULD +XQJDULFD  
5HVXOWV
,Q DQ LQLWLDO VHULHV RI H[SHULPHQWV WKH HIIHFWV RI YDULRXV FRQFHQWUDWLRQV RI
$&K RQ VPRRWK PXVFOH RI XULQDU\ EODGGHU RI WKH FRQWURO JURXS *URXS  ZHUH
REVHUYHG E\ GUDZLQJ D QRQFXPXODWLYH FRQFHQWUDWLRQUHVSRQVH FXUYH )LJ 
7KLV FXUYH VKRZHG WKDW WKH KLJKHVW UHVSRQVH  PP ZDV VHHQ DW 
±
0 DQG
WKLV ZDV DFFHSWHG DV  7KH WUDFHV RI WKH UHVSRQVHV WR YDULRXV FRQFHQWUDWLRQV
RI $&K LQ WKH FRQWURO JURXS ZHUH DOVR VKRZQ LQ )LJ  DQG WKH\ DSSUR[LPDWHO\
UHSUHVHQW WKH PHDQ YDOXHV
)LJ  5HVSRQVHV RI VPRRWK PXVFOH RI XULQDU\ EODGGHU WR YDULRXV FRQFHQWUDWLRQV RI DFHW\OFKROLQH
LQ WKH FRQWURO JURXS  P9FP   J  PPPLQ
 6$ö0$1/,*ø/ HW DO
$FWD 9HWHULQDULD +XQJDULFD  
,Q WKH VXEVHTXHQW VHULHV RI H[SHULPHQWV WKH FRQWUDFWLRQ UHVSRQVHV RI WKH
XULQDU\ EODGGHU WR 
±
0 $&K )LJ  ZHUH PHDVXUHG LQ WKH JURXSV SUHWUHDWHG
ZLWK PHVQD *URXS  +%2 *URXS  F\FORSKRVSKDPLGH *URXS  F\FOR
SKRVSKDPLGH DQG PHVQD *URXS  F\FORSKRVSKDPLGH DQG +%2 *URXS  DQG
ILQDOO\ F\FORSKRVSKDPLGH PHVQD DQG +%2 *URXS  $FFRUGLQJ WR WKH 
OHYHO RI VLJQLILFDQFH WLVVXH FRQWUDFWLRQ DW D GRVH RI 
±
0 $&K LQ *URXS 
+%2 ZDV VPDOOHU WKDQ WKDW LQ *URXS   *URXS   *URXS  
*URXS   DQG *URXS   ,Q DGGLWLRQ WKH FRQWUDFWLRQ REWDLQHG LQ
*URXS  F\FORSKRVSKDPLGH ZDV DOVR VPDOOHU WKDQ LQ *URXS   DQG *URXS
  7KH WUDFHV REWDLQHG IURP WKHVH VHULHV RI H[SHULPHQWV ZHUH VKRZQ LQ
)LJ  DQG WKH\ DSSUR[LPDWHO\ UHSUHVHQW WKH PHDQ YDOXHV
S   ± ± ± ± ± ± ±
)LJ  5HVSRQVH WR ± 0 DFHW\OFKROLQH RI WKH XULQDU\ EODGGHU RI JXLQHD SLJV SUHWUHDWHG ZLWK
SK\VLRORJLFDO VDOLQH FRQWURO *URXS  PHVQD *URXS  K\SHUEDULF R[\JHQ +%2 *URXS 
F\FORSKRVSKDPLGH &<& *URXS  DQG FRPELQDWLRQV RI F\FORSKRVSKDPLGH DQG PHVQD &<& 
0(61$ *URXS  F\FORSKRVSKDPLGH DQG K\SHUEDULF R[\JHQ &<&  +%2 *URXS  DQG ILQDOO\
F\FORSKRVSKDPLGH PHVQD DQG K\SHUEDULF R[\JHQ &<&  0(61$  +%2 *URXS  5HVXOWV DUH
SORWWHG DV PHDQ  6(0 ZLWK WKH QXPEHU RI DQLPDOV LQ EUDFNHWV 7KH QXPEHUV EHORZ WKH KLVWRJUDPV
SURYLGH VWDWLVWLFDO FRPSDULVRQV
'LVFXVVLRQ
%RQLNRV DQG .RVV  VKRZHG WKDW F\FORSKRVSKDPLGH FDXVHG VSOLWWLQJ
RU GXSOLFDWLRQ RI WKH WKLFNHQHG PHPEUDQHV RI GLODWHG SLQRF\WLF YHVLFOHV ZLWK
IRUPDWLRQ RI P\HOLQ ILJXUHV DQG DOVR QHFURVLV RI VPRRWK PXVFOH FHOOV 7KHVH DUH
SRVVLEO\ WKH UHDVRQV RI PXVFXODU GHILFLHQF\ VHHQ LQ WKH FRQWUDFWLRQV RI XULQDU\
EODGGHU LQ JXLQHD SLJV SUHWUHDWHG ZLWK F\FORSKRVSKDPLGH LQ UHVSRQVH WR $&K
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$FWD 9HWHULQDULD +XQJDULFD  
2XU UHVXOWV DUH FRQVLVWHQW ZLWK WKRVH RI RWKHU LQYHVWLJDWLRQV LQ WKDW F\FORSKRV
SKDPLGH FDXVHV VPRRWK PXVFOH FHOO SUROLIHUDWLRQ LQ EORRG YHVVHOV &UDJJ HW DO
 0RG]HOHZVNL HW DO  DQ LQFUHDVH LQ WKH DPRXQW RI FRQQHFWLYH WLVVXH
LQ WKH PXVFXODU WLVVXH RI WKH EODGGHU /XQGEHFN HW DO  VPRRWK PXVFOH QH
FURVLV LQ WKH VWRPDFK )ULHGPDQ HW DO  DQG GHSUHVVHG UHVSRQVHV RI WKH H[
SDQVRU VHFXQGDULRUXP PXVFOH WR $&K LQ FKLFNV /RW DQG 2QZXNHPH 
)LJ  5HVSRQVHV RI VPRRWK PXVFOH RI XULQDU\ EODGGHU WR ± 0 DFHW\OFKROLQH LQ WKH FRQWURO DQG
H[SHULPHQWDO JURXSV  P9FP   J  PPPLQ
 6$ö0$1/,*ø/ HW DO
$FWD 9HWHULQDULD +XQJDULFD  
$ VXOSKK\GU\O JURXS RI PHVQD LV EHOLHYHG WR ELQG DFUROHLQ ZLWKLQ WKH XUL
QDU\ FROOHFWLQJ V\VWHP DQG GHWR[LI\ LW %URFN DQG 3RKO  2UPVWDG HW DO
 WKXV SUHYHQWLQJ GDPDJH WR WKH XURHSLWKHOLXP )UHHGPDQ HW DO 
0HVQD KDV DOVR EHHQ XVHG WR EORFN WKH P\RWR[LF HIIHFWV RI F\FORSKRVSKDPLGH
PHWDEROLWHV LQ UDW KHDUW 'RUU DQG /DJHO  $&KLQGXFHG FRQWUDFWLRQV RI
PXVFOH WDNHQ IURP WKH JURXSV LQ ZKLFK PHVQD ZDV XVHG DORQH DQG ZLWK F\FOR
SKRVSKDPLGH ZHUH QRW VLJQLILFDQWO\ GLIIHUHQW IURP WKRVH RI WKH FRQWURO JURXS
7KH SRVVLEOH SURWHFWLYH PHFKDQLVP RI PHVQD LQ WKH XURHSLWKHOLXP FDQ DOVR EH
YDOLG IRU WKH PXVFOH RI XULQDU\ EODGGHU VR WKDW PHVQD SUHYHQWHG F\FORSKRV
SKDPLGHFDXVHG GDPDJH LQ WLVVXH E\ ELQGLQJ DFUROHLQ DQG SUHYHQWLQJ LWV HQWU\
LQWR WKH PXVFXODU OD\HUV
,W LV ZHOO NQRZQ WKDW +%2 WUHDWPHQW SURPRWHV WLVVXH KHDOLQJ LQ WKH
XURHSLWKHOLXP LQ F\FORSKRVSKDPLGHLQGXFHG RHGHPD DQG K\SHUDHPLD +DGHU HW
DO  +RZHYHU WKLV WUHDWPHQW KDV QHJDWLYH HIIHFWV RQ WKH VPRRWK PXVFOH RI
VRPH RUJDQV VXFK DV WKH KHDUW DQG WKH XULQDU\ EODGGHU 'RXEW DQG (YDQV 
+DGHU HW DO  ,W ZDV VKRZQ E\ +DGHU HW DO  WKDW WLVVXH K\SHUR[LD LQ
FUHDVHV WKH ILEUREODVWLF SUROLIHUDWLRQ ZKLFK LV SUHVHQW LQ FRQQHFWLYH WLVVXH DQG
ZKLFK LV FDSDEOH RI IRUPLQJ FROODJHQ ILEUHV $Q LPSRUWDQW FRQVLGHUDWLRQ DERXW
WKH GLUHFW HIIHFW RI R[\JHQ RQ P\RFDUGLDO FHOO IXQFWLRQ DQG QHJDWLYH LQRWURS\
GXULQJ LQ WKH ILUVW  PLQ ZDV LQWHUSUHWHG E\ 'RXEW DQG (YDQV  DV GHSUHV
VDQW HIIHFWV RI R[\JHQ RQ D VSHFLILF FHOOXODU HYHQW JRYHUQLQJ FRQWUDFWLOLW\ 7KLV
HIIHFW FDQ DOVR EH YDOLG IRU WKH WR[LF HIIHFW RI R[\JHQ RQ GLVWLQFW FHOOXODU SURF
HVVHV LQ RWKHU WLVVXHV DQG WKLV ZDV UHYLHZHG E\ +DXJDDUG  ,Q KLV UHYLHZ
+DXJDDUG SRLQWHG RXW WKDW PDQ\ PHWDEROLF DOWHUDWLRQV WKDW RFFXU LQ WKH WLVVXH
FHOOV GXULQJ K\SHUEDULF R[\JHQDWLRQ VXFK DV DQ LQFUHDVH LQ WKH UDWH RI R[LGDWLRQ
RI R[LGL]DEOH VXEVWDQFHV FRXOG EH D VLPSOH PDVV DFWLRQ HIIHFW $ UHOD[DWLRQ LQ
UDEELW S\ORULF VSKLQFWHU PXVFOH DQG DOVR D UDSLG DQG UHYHUVLEOH HIIHFW RI R[\JHQ
RQ YDULRXV VPRRWK PXVFOHV DW KLJK SUHVVXUH ZHUH LQWHUSUHWHG DV D UHIOHFWLRQ RI D
GLVWLQFW ORFDOL]HG ELRFKHPLFDO DOWHUDWLRQ LQ WKH FHOOV %HDULQJ WKHVH IDFWV LQ
PLQG LW ZDV WKRXJKW WKDW WKH SRVVLEOH ELRFKHPLFDO FKDQJHV RI VSHFLILF FHOOV UH
ODWHG WR FRQWUDFWLRQ DQG LQFUHDVH LQ FRQQHFWLYH WLVVXH GXH WR LQFUHDVHG ILEUREODVWV
LQ +%2 WUHDWPHQW PLJKW KDYH FDXVHG D GHILFLHQF\ LQ WKH FRQWUDFWLRQ RI WKH
VPRRWK PXVFOH RI WKH XULQDU\ EODGGHU
+RZHYHU WKH UHVXOWV REWDLQHG XVLQJ WKH F\FORSKRVSKDPLGH DQG +%2
FRPELQDWLRQ FDQQRW EH H[SODLQHG HDVLO\ HYHQ WKRXJK WKH\ DUH LQ DJUHHPHQW ZLWK
WKH ILQGLQJV RI PDQ\ VWXGLHV +DGHU HW DO  (WOLN HW DO  ZKLFK
VKRZHG WKDW WKH XVH RI +%2 SUHYHQWHG RU WUHDWHG WKH GDPDJLQJ HIIHFWV RI F\FOR
SKRVSKDPLGH 7KH GLVVROYHG OHYHO RI R[\JHQ LQ SODVPD EHIRUH F\FORSKRV
SKDPLGH LQMHFWLRQ ZRXOG QRW EH DEOH WR SURGXFH LQWUDFHOOXODU FKDQJHV RU SUROLI
HUDWLRQ RI ILEUREODVWV EXW DIWHU LQMHFWLRQ LW FRXOG UHGXFH F\FORSKRVSKDPLGH
LQGXFHG GDPDJH 7KH HIIHFW PD\ EH GHVFULEHG DV D NLQG RI QHXWUDOLVDWLRQ
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$FWD 9HWHULQDULD +XQJDULFD  
$ PRUH LQWHUHVWLQJ SRLQW LV WKDW DGGLQJ PHVQD WR WKLV FRPELQDWLRQ JDYH WKH
KLJKHVW UHVSRQVH WR $&K DQG WKLV ZDV QRW RQO\ VLJQLILFDQWO\ GLIIHUHQW IURP WKH
YDOXH RI WKH +%2 JURXS EXW DOVR IURP WKDW RI F\FORSKRVSKDPLGH 7KLV LV DOVR
SDUDOOHO WR D SUHYLRXV VWXG\ (WOLN HW DO  WKDW VKRZHG HQFRXUDJLQJ UHVXOWV
RQ WKH XURHSLWKHOLXP ZKHQ WKLV WULR ZDV XVHG 7KH SURWHFWLRQ SURYLGHG E\ WKLV
FRPELQDWLRQ ZDV SUREDEO\ GXH WR WKH SURWHFWLYH HIIHFWV RI PHVQD QRW RQO\ RQ F\
FORSKRVSKDPLGH EXW DOVR RQ +%2 ,W ZDV H[SODLQHG E\ +DXJDDUG  WKDW
VXEVWDQFHV FRQWDLQLQJ VXOSKK\GU\O JURXSV FDQ SURWHFW LQ YLWUR V\VWHPV DJDLQVW
R[\JHQ WR[LFLW\ RU UHDFWLYDWH HQ]\PHV LQKLELWHG E\ R[\JHQ 2Q WKH RWKHU KDQG
+DXJDDUG DOVR PHQWLRQHG D SURJUHVVLYH DFFXPXODWLRQ RI WKH GLVXOSKLGH IRUP RI
VXEVWDQFH ZKHQ D VXOSKK\GU\O FRPSRXQG LV R[LGL]HG LQ DQ DQLPDO GXULQJ K\SHU
EDULF R[\JHQDWLRQ 7KH KLJKHVW DPSOLWXGH REWDLQHG LQ UHVSRQVH WR $&K LQ WKLV
FRPELQDWLRQ FRXOG EH GXH WR D UHYHUVH SRWHQWLDWLRQ EHWZHHQ PHVQD DQG +%2
,Q FRQFOXVLRQ F\FORSKRVSKDPLGH DQG +%2 UHGXFHG WKH FRQWUDFWLOH DELOLW\
RI VPRRWK PXVFOH RI WKH XULQDU\ EODGGHU ZKHQ WKH\ ZHUH XVHG VHSDUDWHO\ 7KLV
ZDV UHYHUVHG E\ XVLQJ +%2 DQG PHVQD ZLWK F\FORSKRVSKDPLGH LQ YDULRXV FRP
ELQDWLRQ IRUPV ,Q DOO WKHVH IRUPV WKH UHVXOWV ZHUH LQGLVWLQJXLVKDEOH IURP WKRVH
RI WKH FRQWURO JURXS EXW WKH ODVW IRUP SURGXFHG WKH KLJKHVW SHUIRUPDQFH RI PXV
FOH LQ UHVSRQVH WR $&K
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